Application of Low Speed Wind Tunnels in Teaching Basic Aerodynamics by Reynolds, Randolph S
Journal of Aviation/Aerospace 
Education & Research 
Volume 14 
Number 2 JAAER Winter 2005 Article 6 
Winter 2005 
Application of Low Speed Wind Tunnels in Teaching Basic 
Aerodynamics 
Randolph S. Reynolds 
Follow this and additional works at: https://commons.erau.edu/jaaer 
Scholarly Commons Citation 
Reynolds, R. S. (2005). Application of Low Speed Wind Tunnels in Teaching Basic Aerodynamics. Journal 
of Aviation/Aerospace Education & Research, 14(2). Retrieved from https://commons.erau.edu/jaaer/
vol14/iss2/6 
This Forum is brought to you for free and open access by the Journals at Scholarly Commons. It has been 
accepted for inclusion in Journal of Aviation/Aerospace Education & Research by an authorized administrator of 
Scholarly Commons. For more information, please contact commons@erau.edu. 
Low Speed Wind Tunnels 
FORUM 
APPLICATION OF LOW SPEED WIND TUNNELS IN TEACHING BASIC AERODYNAMICS 
Randolph S. Reynolds 
1 
ABSTRACT 
Undergraduate programs that include one or more courses on basic aerodynamics, including those that are 
introductory to undergraduate engineering programs, can benefit from the use of low speed wind tunnels. At ERAU's 
Prescott Campus two low speed wind tunnels have been used to give Aeronautical Science and beginning Aerospace 
Engineering students hands on experiences use of these tunnels in determining the lift curve slopes for various airfoils. 
The objectives of these lab experiences as listed in the course syllabus are: 
Objectives: The student is expected to familiarize himherself with: 
Fundamental wind tunnel testing techniques. 
The use of an open return wind tunnel to measure the static pressure acting on an airfoil. 
The variation in the static pressure on the surface of an airfoil at various angles of attack. 
The use of surface tufts to assist in airflow visualization. 
Objectives: Using the data taken in the experiment, the student is also required to: 
Plot the pressure pattern on the top and bottom of an airfoil at four different angles of attack. 
Calculate the lift coefficients for each of these angles of attack. 
.Plot the coefficient of lift against the angle of attack measurements. 
This paper describes a specific experiment given to undergraduate aeronautical science students. In this lab all the 
learning objectives can be met by using small groups of students and providing them with detailed instructions. This 
is one of the most popular portions of the course on basic aerodynamics. 
DESCRIPTION OF WIND TUNNELS 
There are two wind tunnels which are available to 
the undergraduate in Aeronautical Science. Both are open 
circuit low speed tunnels. The smaller of the two has a 
capability of producing 100 knots velocity in a 12 inch by 
12 inch by 24 in test section. The larger tunnel has a test 
section of 24" X 24" with an extension. The latter is rigged 
so that data can be recorded electronically and presented 
under the lab view program. In the case of the Aeronautical 
Science student's part of the lab work is to observe and 
record the pressure data fiom a manometer. These 
manometers provide an accurate display of the static 
pressures on the upper and lower surfaces of any airfoil 
section that we have set up. (See Appendix 1) 
There are two additional wind tunnels in the lab. 
There is a blow down supersonic tunnel with a 3" x 6" test 
section that can attain Mach 4. There is a closed circuit low 
speed tunnel and the test section is 42" x 48" and has been 
equipped with a sting type mount. 
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The complete apparatus for this lab is listed below: 
Ao~atatus 
bsolute pressure gauge easures ambient pressure. The scale is calibrated to read in inches of mercury 
Measures ambient temperature. The scale is calibrated to read in O F .  
Pitot-static tube 
Bank manometer with 50 (or 20) 
12" span, 4" chord1 24" span, 6" chord; symmetric section (no camber) and 
12% (0.48 or 1.68 in) maximum thickness. Tufts are attached on the upper 
A 44 12 airfoil section surface of the airfoil for flow visualization on the section. There are seven or 
nine pressure ports on the upper surface of the airfoil. The location of those 
ports are listed in Table 2. 
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PROCEDURES 
The instructions for Part I that covers the lab work 
and data "reduction" along with the instructions for the Part 
I1 individual report that covers the analysis are issued to the 
student. Each student group, 3-4 students per group, is 
issued a data package, see attachment 1. There are several 
tasks that the groups must accomplish in the 20-30 minutes 
that they have on the 12 inch tunnel. After one group 
finishes with the 12" data collection they move to the 24 
inch tunnel and demonstrate for them selves three or four 
parameters such as stagnation point, flow separation and re- 
attachment, and the difference in the calibhtion of the 
manometer gages. 
The small 44 12 (or 00 12) airfoil that is placed into 
the 12 inch test section is tufted for flow visualization. The 
lab is not equipped with a hctioning smoke generator and 
flow visualization is of paramount importance in the basic 
aerodynamic course. There some limitations to this set up. 
At very high angles of attack the airflow into the small test 
section would be so altered that accurate measurements of 
pressure distribution were hindered and the tunnel would 
experience vibrations fiom the turbulent air hittingthe upper 
and lower walls. The best Reynolds numbers that could be 
achieved were in the range of 198,000 to 220,000 so that the 
lift curves produced tended to flatten out just before the 
stall. 
In spite of these limitations this set up was ideal for 
letting students experiment with the lift pattern and the stall 
patterns on the wing and it led to more indepth learning 
about the nature of creating lift on wings than hours of 
lecture alone could have accomplished. 
The procedure for each class was to record the 
manometer readings fiom fourteen ports, seven on the upper 
surface and seven ports on the lower surface. The advantage 
of using the smaller 4 inch chord wing section in the 12 inch 
tunnel was that these ports were aligned where as the longer, 
6 inch chord 4412 wing section in the larger test section had 
offset upper and lower ports even though there were seven 
more built into the model. 
Each group was to take the readiings fiom the 
manometers that were in tenths of feet of Miriam oil and 
convert the readings fiom each port on the wing into a 
coefficient of pressure normal to the surf&ce of the wing. 
They were also to keep control of the dynamic pressure in 
the tunnel and once set for each angle of attack to record 
fiom an inclined manometer the pressure in inches of water. 
This would be checked against tbe difference between the 
static and total pressures measured fiom a small 'pitot' tube 
mounted in the test section. The readings fiom the upper 
surface were subtracted fiom the lower surface ports 
readings and multiplied by the distance between the ports 
and averaged over the four inch chord to approximate the 
following relationship: 
which sums the upper and lower pressures over the chord 
per unit span. N is the total force normal to the surface. The 
conversion to coefficients of pressure is the static pressure 
minus the measured pressure at each station divided by the 
dynamic pressure. This relationship is: 
and likewise for the lower pressures. The static pressure was 
measured from the pitot static probe in the tunnel and was 
fiee of disturbances until very high alphas, those 
approaching 20 degrees. The dynamic pressure, q, was taken 
b m  an inclined manometer fed off the same pitot static 
probe. The inclined manometer made setting of the wind 
tunnel speeds easier to accomplish. Almost all experiments 
run in this configuration were targeted for 3 inches of water 
on the inclined manometer. 
It was a simple matter of taking the direct readings 
for static pressure and the pressure at each station or port, n 
in the equation, and writing the data sheets so that the 
student could step by step calculate by hand the C , . 
The average Aeronautical Science undergraduate does not 
have the computational skills to solve the equation for the 
coefficient of normal force: 
f?om equation (1) and (2) above. Therefore an average of 
all the "blocks" of pressure between the ports is taken. 
This method of handling the pressure measurements is 
remarkable accurate. It is explained to the students that this 
process has been used for nearly a hundred years. 
In addition to the pressure patterns and the computation of 
the average coefficient of lift for each angle of attack, the 
group calculates the velocity in the wind tunnel and the 
Reynolds number Ob). 
INDIVIDUAL PROJECT 
C The next step for the students is to plot the L= curve for 
the data obtained. Since each group only takes data for 4 to 
5 angles of attack (the lab period is limited) so all data is 
compiled by the instructor, placed on a spreadsheet and 
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returned to the individual students to complete. The student 
then must take all the C, for each of the pairs, upper 
and lower, of stations and calculate the corrected data for the 
average coefficient of the normal force, then adjust it for the 
angle of attack to produce an average lift coefficient. He 
, then uses the excel program to plot the CLa curve 
representing the wing. The instructor proviaes on this 
spreadsheet any angles of attack that the class did not have 
time to do. Because the 4412 airfoil is asymmetric, that is 
the zero lift angle of attack is about a negative 4 degrees, the 
angles of attack are set in one degree increments fiom 4 
degrees to +16 degrees and the instructdr supplies about five 
more data points From that angle of attack to 30 degrees. If 
the dynamic pressure is maintained around 3 inches of water 
this results in a good representation of the NACA plots. The 
stall angle of attack shows to be the same as the NACA plot 
and the zero lift alpha is usually within a degree of that 
produced by the NACA. The variances that occur have 
normally been due to problems with accurate readings in the 
manometers, usually one port, and often this is due to 
restrictions in the manometer tubes or connections. 
The student is then required to compare the class 
CLa curve to the NACA curve and to a similar curve 
found m their textbook. They are supposed to answer the 
following questions as part of the learning process: 
A. What is the limitation with measuring the pressures 
between the ports on the 4 inch 44 12 airfoil as we did? 
B. What Reynolds numbers would you think would be 
required to have the CL, you got look like the NACA 
plots? Explain your answer. 
C. Where are the major differences in your (class) 
C ,,a curve where the plotted points were not aligned and 
why were there large excursions in the plots? 
D. Address in your report the following: 
(1). The effect of a boundary layer in the test 
section. 
(2). Turbulence or other effects h m  all the holes 
(penetrations) in the test section. 
(3). Location of the pitot static probe in the test 
section.' 
E. What did you learn fiom the 24" x 24" wind tunnel work? 
Explain the following: 
(1). Location of stagnation point. 
' Spring 2004 edition 
(2). Differences in stall angles of attack between 
the 4" wing section and the 6" wing section. 
F. How would you judge the scientific accuracy of working 
with this wind tunnel set up and what might help to improve 
the plot of the data into the C1 vs a curve? 
RESULTS 
In almost all cases the classes have had excellent 
results and the consistency of the data and the plots over 
fourteen classes presented with this project have been 
worthy of the engineering students. As a matter of 
motivation data plots fiom engineering student lab reports 
using the same airfoil are given to the students so that they 
can see the similarities. 
The success of this wind tunnel project stems From 
the simple and reliable low speed wind tunnel set-ups that 
this campus has available. In addition, this project is not 
compounded by attempting to measure the drag on the 
surface of the airfoil. In the small test section this is not 
possible to do but it is an expectation that it can be 
accomplished using the small sting and strain gauges 
available for use in the 24 inch tunnel. The difficulty is that 
the test model would have to be altered and as of this date 
there are no plans to pursue that as a requirement for the 
Aeronautical Science program. In part this is due to the lack 
of wind tunnel time available and the demand by the senior 
Aerospace Engineering students for wind tunnel time on 
their senior projects. 
CONCLUSION 
The use of a wind tunnel project for undergraduate, 
non-engineering, aviation students has been very successful. 
The students participate in the "discovery" phase of the 
production of lift and as this topic is thirty percent of the 
course content is provides them with a solid foundation for 
continued learning in the courses that follow. Student 
opinionaires tend to support the notion that this laboratory 
time, usually four class periods, is well worth the 
experience. 
There is a secondary feature to laboratory work that 
helps in the classroom. The teams are formed so that slower 
learning students are mixed in with the better students. This 
helps generate a little competition to work as a team 
member and forces learning. 
Some of the Individual Part I1 reports are down 
well enough to be used as references for other students. The 
total effort taxes not only the students understanding of 
aerodynamics but of his organizational and writing skills..) 
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APPENDIX 1 
Photographs: 
4412 Airfoil in 12"xlY test section 
Low Speed Wind Tunnel: 12" X 12" 
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6 inch 4412 airfoil in 24" x 24" test section 
Inlet and manometer tube connections to 12" x 12" 
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Typical Manometer bank 
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APPENDIX 2 
Lift curve slope fiom Spring 2004 Class: This plot is from the raw data and is not smoothed. Error bars would indicate that the 
plot around 0" angle of attack is offset. The airfoil section was mounted and calibrated in the test section with zero angle of atlack 
one degree high. Therefore the zero lift angle of attack is closer to 4 degrees than shown on this plot. The q, actually took 
place at 13 degrees alpha. Students discuss these sorts of points in class. 
-10 -5 0 5 10 15 20 25 30 
Angk of Attack 
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